The surface of biomaterials used as implants are highly susceptible to bacterial colonization and subsequent infection. The amount of protein adsorption on biomaterials, among other factors, can affect the nature and quality of biofilms formed on them. The variation in the adsorption time of the protein on the biomaterial surface produces a phenotypic change in the bacteria by alteration of the production of EPS (exoplysaccharide) matrix. Knowledge of the effects of protein adsorption on implant infection will be very useful in understanding the chemistry of the biomaterial surfaces, which can deter the formation of biofilms. It is observed that the adsorption of BSA on the biomaterial surfaces increases with time and concentration, irrespective of their type and the nature of the EPS matrix of the bacterial biofilm is dependent on the amount of protein adsorbed on the biomaterial surface. The adsorption of protein (BSA) on the biomaterials, polypropylene (PP) and high density polyethylene (HDPE) has been studied and the formation of the biofilms of Pseudomonas aeruginosa on them has been examined.
Introduction
Infections associated with implanted devices are notoriously difficult to treat and often lead to serious complications. [1, 2, 3] As has been widely discussed, [4, 5, 6] the core issue of implant infection involves bacterial attachment and colonization on solid surfaces, which can be otherwise termed as 'biofilm formation'. Biofilm has been metaphorically called a "city of microbes", [7] while the EPS matrix represent the "house of biofilm cells". EPS matrices are biopolymers originating from the bacteria in which the microbes are embedded. [8] The bacterial attachment to a biomaterial is a sort of 'bioadhesion', [9] which involves a complex interaction between the bacteria, the biomaterial surface and the liquid phase (blood, serum, plasma, urine etc.) in which the biomaterial is immersed. Protein molecules from the liquid phase get adsorbed on the surface of the biomaterial within a very short time (< 1second) after the introduction of the implant inside the body, [10] much before the arrival of microbes at the implant site. The 'arrived' microbes at the implant site, encounter a 'substrate' which comprises biomaterial surface coated with a protein. This is followed by a 'race for the surface', [11] between the tissue cells and microbes and colonization depends upon whoever wins the race.
Interaction of proteins with material surfaces is a well known but rather complicated phenomenon. [12] One of the remarkable consequences of this interaction is that surfaces of biomaterials coated with proteins display properties which differ from the bulk of the biomaterial itself. [13] The present study shows that modulation of surface properties on the amount of protein adsorption can alter the architecture of the biofilm that forms on it. Hence, an in-depth understanding of the phenomenon of protein adsorption on a biomaterial surface is critical for developing and designing suitable biomaterial surfaces to deter the biofilm formation of bacteria. The biomaterials (polypropylene and high density polyethylene) and the protein bovine serum albumin (BSA) are used in this study, and the biofilm formation by the model bacterium Pseudomonas aeruginosa on BSA covered biomaterial surfaces is examined.
Experimental Section

Materials and Methods
We have taken samples of polypropylene (PP) and high density polyethylene (HDPE) which are clinically used in biomaterial implants obtained from Plastic Abhiyanta Ltd, India.
PP is used in venous catheters and HDPE in orthopaedic implants. The water used in all our experiments is of HPLC grade (Lichrosolv) obtained from Merck,India. Tris buffer from Sigma Aldrich,USA is used for preparing aqueous solution of BSA obtained from MP Biomedicals Ltd, USA.
The present study consists of two parts: (1) experiment on adsorption of protein on biomaterial surfaces, (2) comparison of the biofilm growth on bare biomaterial surfaces and those with adsorbed BSA on them.
Experiment of adsorption
Polymer chips of PP and HDPE were obtained in square configuration (10mmx10mm).They were initially rinsed with water, blow dried and cleaned in an ultrasonic cleaner. BSA was mixed in different proportions with buffer solutions of pH 7.4
(concentration ranging from 0.5 mg/ml to 1.5mg/ml) and left for about a week with intermittent mixing to dissolve the BSA completely. BSA solutions of a specific concentration were taken in six separate glass vials each one containing a single chip for 9hrs, 12hrs, 15hrs, 18hrs, 21 hrs and 24hrs. These times are termed as exposure time 'τ' whose maximum (τ max ) and minimum ( τ min ) were 24 and 9hrs respectively.
After the stipulated time, the chips were removed washed and rinsed with water, and finally dried and preserved in a desiccator ready for growing biofilms. The BSA solutions obtained after the removal of the chips in each case were preserved for absorbance measurements. The UV absorbance in each case was measured at room temperature in a Shimadzu 2550 UV/VIS Spectrophotometer (Shimadzu, Japan) in matched 3.0 cm quartz cells.
Bacteria for production of biofilms
Pseudomonas aeruginosa was used as a model bacteria. 
Biofilm formation on the chips
The polymer chips obtained from adsorption experiments were sterilized by plasma treatment to prevent the degeneration of the polymer surface as well as the protein adsorbed on the surface. They were then used for the growth of the biofilms on them.
The bacteria grown overnight in LBB at 37° C were diluted in the same medium to an optical density of 0.5 at 600 nm. The diluted culture was poured over the surface of the treated chips placed in the wells of 24 well tissue culture plates (Tarsons, India). The sterile LBB was added and incubated at 37°C for 7 days with shaking. The ratio of the culture and the sterile broth was 1:100. A positive and a negative control were included with untreated chip surface inoculated with bacteria serving as the positive control, and the untreated chips in the absence of bacteria served as the negative control. Broth was added from time to time in the wells to avoid desiccation. The chips were aseptically removed and washed with phosphate buffered saline (PBS pH 7.2). This step eliminated all the free floating bacteria and only the sessile forms remained attached to the surface. Chips were then air dried and prepared for FESEM measurements.
Sample preparation for SEM
The chips with attached bacterial cells were covered with 2.5% glutaraldehyde and kept for 3hours in 4°C after which they were washed thrice with the phosphate buffer solution. They were then passed once through the graded series of 25, 50 and 75 % ethanol and twice through 100% ethanol each for ten minutes. They were finally transferred to the critical point drier and kept overnight to make them ready for FESEM measurements. 
Results and Discussion
Adsorption experiments
The BSA solution obtained from each vial was taken in a quartz cuvette and tested for absorbance in the UV-Visible spectrophotometer. For all solutions, peaks were obtained at 270 to 280 nm with varying intensities. Comparison between the absorbance peaks of PP and HDPE (Figure 2 ) having the same adsorption time both 9 and 24 hours and equal [BSA] showed that the peaks of the latter were higher compared to that of the former. Thus, under similar conditions the adsorption of BSA was higher on the surfaces of PP chips compared to HDPE. Also the amount of adsorption on both PP and HDPE surfaces was more for greater exposure time for the same concentration of BSA solution.
This phenomenon may be explained in terms of hydrophobicities of the respective biomaterials and the strength of the non-covalent interactions between the biomaterial surfaces and the adsorbed protein layer. PP is more hydrophobic compared to HDPE, and the soft protein BSA prefers the PP surface more than HDPE which may be supported from the perspective of critical surface tension. PP has higher water contact angle compared to HDPE, but its critical surface tension is lower compared to HDPE allowing greater affinity and hence adsorption of BSA on it. In general, hydrophobic interaction significantly contributes to protein adsorption on a substrate. By modifying the hydrophobic polystyrene latex surface to hydrophilic, the amount of BSA adsorbed was found to decrease, suggesting the importance of hydrophobicity on protein adsorption. [15] In this context the review article of Nakanishi et al. on complicated protein adsorption on solid surfaces may be cited. [16] 
Biofilm experiments
The FESEM photos of the biofilms on the bare PP surface and the same surface after BSA adsorbed for 9hrs and 24hrs are shown in Figure 3 . Although albumin is known to prefer more tissue adhesion and less bacterial adhesion, EPS matrix in Figure 3 (C) appears to be dense and hence the attachment of the biofilm to the polymer surface appears quite high as evident from the micrographs.
The SEM photos of ten day old P aeruginosa biofilms on bare HDPE surface, and the same surface adsorbed with BSA for 9hrs and 24 hrs (Figure 4) , respectively reveal that the quantity and nature of EPS matrix produced by the bacteria is altered by the nature of surface encountered by it during biofilm formation, as all other factors such as temperature, pH etc., remaining the same. This also reveals that the surface encountered by the bacteria can affect their phenotype, and hence alter their genetic expression. . All the three surfaces of HDPE showed formation of more biofilms on them in comparison with PP but their extents followed the same trend in both i.e.,(biofilm on bare surface) < (biofilm on BSA covered surface).
The biofilms formed in the different instances, demonstrate that bacteria react physiologically to variations in the surface properties of the 'substrates' (surface with and without protein layer) by regulating the nature and quantity of the extracellular polymeric substances secreted by it, which in turn affects the attachment process to the biomaterial. [ 11] The macromolecular components of bacterial surfaces, e.g. lipopolysaccharide, protein and exopolymers, have been shown to vary in quantity and composition with the variation in the surface properties of the 'substrate'. This is again not the sole contribution of the protein or the biomaterial surface, but a combined effect of both as evidenced from both Figure 3 (B) and 4(B). The adsorbed protein and the exposure time though same in both cases, the difference in the surface property of the 'substrate' (surface with BSA adsorbed) produces a distinctly different EPS matrix in each case which has completely different consistency, making a difference in bacterial attachment of the same strain to the biomaterial surfaces. The physiological appearance of the bacteria forming the biofilm also gets altered along with the 'substrate' properties as found from Figure 3 and 4 at equal magnification (x10000).
We thus found that the phenotypic changes brought about in the bacterial cells, by encountering different 'substrates' resulted in a difference in the ability of secretion of polymeric substances by the same strain of the bacteria. This also affects the levels of attachment of the biofilm to the biomaterial. Hence it is evident that an increase in exposure time of the 'substrate' to a protein present in blood, serum or urine will consequently produce a variation in the quantity and the nature of the EPS. A dense biofilm shown in Fig 4(C) formed on HDPE (with 24 hrs of exposure to BSA) brings forth the vulnerability of infection in orthopaedic implants, where HDPE is used (grossly due to its excellent mechanical strength). Apart from the infection standpoint, the thicker the consistency of the EPS of the biofilm, greater is the chance of thrombus formation in the blood vessels, after the maturation and detachment of the biofilm from the implant surface.
Conclusion
An understanding of the fundamental processes that govern protein adsorption and interaction, [17] with biomaterial surface is crucial in the endeavour to curtail implant infections. It is evident that the bacterial receptors are able to identify the differences in the substrate properties and modulate their genetic expressions accordingly. Understanding of the interaction between bacteria and biomaterial surfaces on the one hand and the interaction between proteins and biomaterials on the other would enrich our knowledge on the mechanism of prevention of biofilm formation on implants. The practical manifestation may be different for different species of bacteria, but through sustained strategic research it is quite possible to create biomaterial surfaces which will be able to modulate the genetic expression of bacteria to a non-biofilm mode even after protein adsorption.
